The genes in the twist family of bHLH transcription factors are essential for embryogenesis of both vertebrates and invertebrates, as demonstrated by the embryonic lethal phenotypes of the Drosophila and mouse twist-null mutants. Presented here is the embryonic distribution of murine Twist protein (MTwist). Its appearance and presence in the course of early embryogenesis was followed with a monoclonal antibody, aTwiMab-1, the first antibody generated against any of the vertebrate Twist proteins. The specificity for MTwist was demonstrated in comparative Western blot experiments, reticulocyte lysate assays, and immunohistochemistry of embryonic mouse samples. Consistent with its probable role as a transcription factor, MTwist localized to the nuclei. MTwist signal first appeared in 8-to 10-somite embryos at 8.25 dpc in the cranial neural crest cells and branchial arches, in the limb-bud mesenchyme and the somatic lateral plate, and in the sclerotome and the dermatome of the somites. The presence of MTwist protein in these tissues corroborates the reported MTwist RNA distribution and the phenotype of the MTwist-null mutants. There also emerged, however, an unexpected difference between MTwist RNA and protein expression. No protein could be detected prior to 8.25 dpc, despite the reported high levels of transcripts as early as 7.0 dpc. Also, the presomitic mesoderm, epithelial somites, and anterior mesoderm expressed abundant MTwist RNA, but no protein. The results suggest posttranscriptional downregulation of MTwist in these regions. A proposed role of MTwist in somite formation and maturation is inhibition of myogenic bHLH and MEF2 genes and thus prevention of premature and/or ectopic differentiation in the presomitic mesoderm and epithelial somites. The absence of MTwist protein from these areas indicates that its role in somitogenesis must be reevaluated.
INTRODUCTION
. The twist gene itself is expressed in the gastrulating cells and The twist genes are an evolutionarily conserved group in the primitive mesoderm and is necessary for mesoderm of regulatory basic helix-loop-helix (bHLH) factors with establishment and differentiation. Larval Twist participates known homologues among such divergent species as fruit in subdividing the somatic and visceral mesoderm, and its fly, zebrafish, frog, chick, and mouse. The first twist gene expression persists in larval myoblasts, the precursors of was identified as a recessive lethal mutation in Drosophila, the adult muscle Baylies and Bate, 1996 ; in which the midventral furrow is deficient and gastrulation Currie and Bate, 1991) . does not take place; as a result, the mesodermal germ layer Twist has been considered, therefore, to be a mesodermand its derivatives do not form and the mutants, devoid of determining factor and thus of great interest in the study of mesoderm, die at the conclusion of embryogenesis (Nussmesoderm determination and specification. Consequently, lein- Volhard et al., 1984; Simpson, 1983) . like many other developmentally relevant genes, vertebrate Genetic and molecular studies in Drosophila placed twist twist homologues have been cloned from frog (XTwi), chick, in a network of interacting genes, both maternal and zyand mouse (MTwist) (Hopwood et al., 1989; Wolf et al., gotic, which cooperate in the dorsoventral patterning of the 1991; Glackin and Wold, unpublished) . Other murine genes developing embryo (Leptin et al., 1992; Simpson, 1983) . The have been cloned that share significant homology to murine maternal Dorsal protein activates the transcription of twist, twist in their bHLH domains (Blanar et al., 1995;  Li et al., a zygotic gene, in the presumptive mesoderm (Pan et al., 1995; Quertermous et al., 1994) . Drosophila twist, XTwi, 1991; Thisse et al., 1987 Thisse et al., , 1988 . Twist, in turn, acti- and MTwist all contain homologous regions-at the amino vates snail (Ip et al., 1994 (Ip et al., , 1992 Kosman et al., 1991) and terminals, at the carboxy terminals, and at the very highly a number of downstream mesoderm-specific regulators inconserved bHLH domains-indicating a common origin and, perhaps, similarity of function for the three genes (Wolf cluding tinman, bagpipe, and DMEF2 (Evans et al., 1995;  kb of the 5 untranslated region and 1.31 kb of the 3 untranslated et al., 1991) . Indeed, in some in vitro experiments, Drosophregion was cloned in the Wold laboratory (Glackin and Wold, 1990, ila twist could substitute for MTwist (Spicer et al., 1996) . unpublished).
However, during embryogenesis, in contrast to the DroTo make in-frame fusion clones, the following strategy was used sophila gene, mouse and Xenopus twist RNAs are not exin all cases. A BamHI restriction site was added to the 5 end and pressed until after gastrulation is well under way and the an EcoRI site was added to the 3 end of the desired coding sequence primitive mesoderm has already been defined. In Xenopus, by PCR. Primers were made that contained 15-20 nt of sequence the transcripts are first detected in the lateral plate, somitic homologous to the ends of the desired cDNA sequence as well as mesoderm, and notochord and later in the cranial neural a BamHI or EcoRI sequence. Following 10 cycles of amplification crest (Hopwood et al., 1989) . In the mouse, MTwist expreswith the high fidelity Deep Vent polymerase (NEB) the PCR products were cut with BamHI and EcoRI. Gel-purified restriction fragsion is first observed at 7 dpc in the anterior mesoderm ments were then ligated into the expression vectors pGEX-2T (AM- or in the primitive streak epiblast and RAD) or pTrcHIS-A (Invitrogen). These ligations were used to transin scattered cells in the amniotic cavity (Stoetzel et al., form Escherichia coli DH10B (Gibco BRL) by electroporation and 1995). Based on its expression pattern at the presomitic spread onto LB plates containing 50 mg/ml ampicillin. Clones were stages, it has been suggested that MTwist participates in identified and confirmed by restriction enzyme digest followed by early mesoderm specification (Hopwood et al., 1989; Stoet- agarose gel electrophoresis and by SDS-PAGE of induced fusion zel et al., 1995) , a function partially analogous to that of the proteins.
Drosophila Twist. MTwist-null mutants, however, show no
The following clones were produced, each of which yielded the phenotypic abnormalities at these early stages (Chen and indicated fusion protein upon induction: (1) GST-Twi, producing Behringer, 1995) . a full-length MTwist protein fused to glutathione S-transferase (GST); (2) His 6 -Twi, producing a full-length MTwist protein with Later, between 8.0 and 9.5 dpc, MTwist RNA is found in a six-histidine purification tag at the amino end; (3) His 6 -5/Twi, neural crest-derived head mesenchyme, branchial arches, producing the amino-terminal 104 amino acids of MTwist (from presomitic mesoderm, epithelial somites, lateral plate the amino methionine to the start of the bHLH domain); (4) His 6 -mesoderm, and limb buds. The expression in differentiated 3/Twi, producing the carboxyl 75 amino acids of MTwist (from somites is restricted to sclerotome and dermatome and is the end of the bHLH domain to the carboxy terminus); (5) His 6 -excluded from the myotome. Based on its trunk paraxial myf-5, producing a full-length MMyf-5 protein; (6) His 6 -myoD1, mesoderm distribution and in vitro studies, it has been sugproducing a full-length myoD1 protein; and (7) His 6 -myogenin, gested that at these stages, MTwist, like Drosophila Twist, producing a full-length myogenin protein.
regulates muscle development, but unlike Twist, as a suppressor, rather than activator, of the myogenic process Hebrok et al., 1994; Sasoon, 1993; Spicer Proteins et al., 1996) . But while disruption of the MTwist gene results Bacterial expression. Bacteria harboring the desired cDNA in substantial neural tube defects as well as somitic abnorclones were streaked onto LB plates containing 50 mg/ml ampicillin malities (Chen and Behringer, 1995) , there is no evidence of and grown overnight at 37ЊC. Single colonies were selected and augmented or ectopic myogenesis, expected if a suppressor grown overnight at 37ЊC with shaking in 20 ml LB medium confunction has been abrogated. taining 50 mg/ml ampicillin. Fresh media were inoculated with a Thus, although certain similarities exist between the 1/10th volume of the overnight cultures and grown as before to an OD 600 of 0.6 to 0.9. Transcription was then induced with 0.5 mM function of MTwist and its Drosophila homologue, the dif- Mab-1, was generated, the first that recognizes any of the ison with the RNA expression pattern has revealed many PAGE and Western analysis. Protein inclusion bodies or whole similarities, but also significant temporal and spatial differbacteria were solubilized in 8 M urea, 10 mM sodium phosphate, pH 7.5, 1% b-mercaptoethanol, 1% SDS and diluted with an equal ences.
volume of 21 SB. Protein samples were heated to 100ЊC for 5 min cooled on ice, then electrophoresed through 12 or 4-20% gradient polyacrylamide gels (Laemmli, 1970) . The amount of protein loaded
MATERIALS AND METHODS
was roughly quantitated, and then normalized, by staining the gels with Coomassie blue R250. For Western blotting, gel-separated proteins were transferred to nitrocellulose membranes which were Constructs then blocked with 10% normal goat serum (NGS; Kappel) in PBS. The membranes were incubated for 1 hr at room temperature (RT) The following cDNAs were used as sources of different murine bHLH-containing genes: MMyf-5 (Buonanno et al., 1992) , MyoD1 in 1Њ antibody, washed twice 5 min each with TBS, once with TBS containing 0.05% Tween 20, and twice again with TBS. The (Davis et al., 1987) , myogenin (Fujisawa-Sehara et al., 1990) , and MRF-4 (Miner and Wold, 1990) . Mouse twist cDNA including 1.3 membranes were then incubated for 1 hr at RT in 2Њ antibody-goat a-mouse Ig(G/M) coupled to alkaline phosphatase (Jackson by ELISA against both GST-Twi and GST proteins. CulImmunoresearch) diluted 1:400 in TBS / 2% NGS. Following tures were selected whose supernatants recognized GSTwashes as above, the color was developed using the alkaline phosTwi, but not GST alone. To confirm their specificity for phatase substrate NBT/BCIP (Bio-Rad) according to the supplier's MTwist and at the same time to select those supernatants instructions.
which were active in the Western blot format, they were rescreened by Western blotting against both GST-Twi and GST proteins. Positive cultures were then subcloned by lim-
Monoclonal Antibody Production
iting dilution to generate single-cell-derived monoclonal Balb/c mice were inoculated and boosted initially with 50 mg of hybridomas, which were rescreened against both GST-Twi 
Specificity of aTwiMab-1 to MTwist
His 6 -Twi, GST-Twi and GST by Western blotting.
The 5 and the 3 portions of MTwist flanking the bHLH domain were each subcloned into pTrcHIS-A, expressed in
Immunohistochemistry
E. coli, and tested for antibody binding by Western blot At 6.5 (presomite) to 9.5 (23 somites) dpc CD-1 mouse embryos analysis (Fig. 1A) . aTwiMab-1 bound to the full-length were dissected out, embedded in OCT (Tissuetek), oriented, and 1 preadsorbed with His 6 -Twist (Fig. 1B, lane 5) , and (iii) secondary antibody only (not shown). A distinct band of approximately 25 kDa was present only in the lane stained
RESULTS
with aTwiMab-1. As an additional control, reticulocyte lysates, one programmed with MTwist (Fig. 1B, lanes 2 and 
Identification of MTwist-Reactive Hybridomas
3) and one unprogrammed (Fig. 1B, lane 1) , were run on the same gel and also stained with aTwiMab-1 (Fig. 1B, lanes  1 and 2) or with the preadsorbed aTwiMab-1 (Fig. 1B, lane The fusion protein, GST-Twi, consisting of full-length mouse MTwist protein coupled at its N-terminal end to the 3) or with the secondary antibody alone (not shown). Again, a single band of approximately 25 kDa was evident only in glutathione-binding domain of GST, was used to immunize Balb/c mice for the generation of monoclonal antibodies.
the MTwist-programmed reticulocyte lysate lane stained with aTwiMab-1 (Fig. 1B , arrow, lane 2), but not in the After fusion, hybridoma supernatants were first screened 
Distribution of MTwist in Early Mouse Embryos
25 kDa observed in both embryo and reticulocyte lysates is slightly larger than the 22.3 kDa predicted from the seThe temporal and spatial distribution of the MTwist protein was analyzed in E6.5 to E9.5 mouse embryos by immuquence of the MTwist cDNA, although other bHLH proteins also migrate slower than predicted.
nohistochemistry. The antibody did not always work in immunohistochemical assays. We do not know the reason In summary, aTwiMab-1 recognizes bacterially expressed MTwist, reticulocyte lysate-translated MTwist, and a single for this, but suspect that the binding epitope is highly sensitive to its microenvironment. However, the staining was band in the whole-embryo lysate. The size of the reacting band in the embryo equals that of the reticulocyte-transobserved in numerous experiments and it consistently yielded the same pattern. MTwist protein was first observed lated MTwist. These bands disappear upon preadsorbtion of the antibody with bacterially expressed MTwist. Therefore, in 8 dpc, 8-to 10-somite embryos, but could not be detected in 7.0 dpc midgastrulae or in early 8.0 dpc embryos. In coneven if aTwiMab-1 can recognize a bHLH protein other than MTwist, such protein is not expressed prominently at trast, MTwist mRNA accumulation has been reported from the early primitive streak stage to 7.5 dpc in extraembryonic the stages tested. Taken together the results suggest that aTwiMab-1 specifically binds MTwist.
tissues, in the primitive streak ectoderm and the subjacent
FIG. 2. MTwist protein in the head region. (A)
Shown here is an angled parasaggital section of an 8.5 dpc mouse embryo; the anterior (left) of the section is more medial than the posterior. V-area of the developing trigeminal ganglia; VII-VIII-region of the facioacoustic crest; fbv-forebrain vesicle; H-heart; HB, hindbrain level; M-midbrain level; olf-area of the olfactory placode; op-optic vesicle; ot-ventromedial wall of the otic vesicle; tnc-region of the trigeminal neural crest, 1-first branchial arch; IX-X-developing glossopharingeal-vagal neural crest complex area. The Cy-3-conjugated second antibody was visualized by fluorescence microscopy and a rhodamine filter set. (B) Transverse section of a 9.5 dpc embryo at the level of the otic vesicles, stained with a TwiMab-1. H-heart; HB-hindbrain; ot-otic vesicle; 1-first branchial arch; 2-second branchial arch; VII and VIII-developing facioacoustic neural crest complex.
mesoderm of the embryo proper, in head mesenchyme, in At the level of the midbrain, a stream-like set of Twistexpressing cells was detected adjacent to caudal telencephasomatopleura, and in the unsegmented paraxial mesoderm Stoetzel et al., 1995) . All these stages lon; another, more dispersed group was observed between the ectoderm and the area of the trigeminal ganglia and in were examined by immunohistochemistry with aTwiMab-1; however, no detectable signal was observed.
the mesenchyme adjacent to mesencephalon ( Fig. 2A) . At the level of hindbrain, aTwiMab-1-staining cells populated three areas: (i) the trigeminal ganglia region, (ii) the The Head Region first branchial arch (1), seen here-its maxillary component containing trigeminal (v) neural crest, and (iii) surrounding In the head, MTwist protein was observed in the crest the otic vesicle and in the area of glossopharingeal-vagal area of neural folds, in portions of the head mesenchyme, (IX-X) neural crest complex, where petrosal and nodose and in the branchial arches, all areas of the cells of cephalic ganglia develop. A transverse section of a 9.5 dpc embryo neural crest migrate through or populate. In mouse, the at the level of the otic vesicle (Fig. 2B) shows in more detail head crest emigrates before the closure of the neural folds the distribution of MTwist-positive cells along the migrain a spatial-and time-dependent gradient (Serbedzija et al., tory paths of the hindbrain neural crest: in the second and 1992 and references therein). Emigration starts at approxifirst branchial arches, between the neural tube and the venmately 8.25 dpc in the area of caudal hindbrain, followed tromedial side of the otic vesicle toward the ventral end by rostral hindbrain, midbrain, and, finally, the forebrain.
underneath the vesicle to form the facioacoustic (VII-VIII) Each area is a source of cells with distinct patterns of migracrest; on the other, lateral, side between vesicle and the tion and specific targets for colonization. The staining patectoderm to settle in the area of the facial (VII) component tern observed with aTwiMab-1 was remarkably similar to of the facioacoustic crest. The presence of the MTwist prothat described for cephalic neural crest.
tein in these regions is in accord with the finding that twistAt the level of the forebrain, MTwist signal was observed null embryos display disorganization of cranial neuroepiin a group of cells populating the mesenchyme between thelium, abnormalities of the cranial mesenchyme, large neuroectoderm of prosencephalon, the eye vesicle, and the olfactory placode ( Fig. 2A) .
numbers of picnotic nuclei in the branchial arches, and in the trigeminal, facioacoustic (VII-VIII), and glossophafor MTwist. Here, the protein staining results diverge from the RNA in situ experiments Stoetzel et ringeal-vagal (IX-X) ganglia (Chen and Behringer, 1995) . al., 1995) , which showed high levels of MTwist mRNA both in the presomitic mesoderm and in the newly formed somites.
The Trunk Region
Limb buds and lateral plate. By the time 10-13 somites
Within the Cell
are formed at 8.5 dpc, a ridge appears at the lateral side of Based on the pattern of MTwist RNA distribution in the the body wall that will be associated with the formation of trunk area and on interactions of transfected MTwist cDNA the limb buds (Kaufman, 1992) . The forelimb bud mesenwith the bHLH myogenic factors in vitro, it has been sugchyme showed strong, homogeneous MTwist protein staingested that in addition to its role as an activator of transcriping, which persisted through 9.5 dpc (Fig. 3A) . At this stage tion, MTwist functions as a repressor of the myogenic lintoo, staining was seen in some of the cells in the somatic eage during somite differentiation. There are a number of lateral mesoderm (Figs. 3A and 3B ). The mesenchyme of examples in the literature of transcription factors which the hindlimb buds, which also arise from the somatopleura, can be both activators and repressors of gene expression, contained many MTwist-positive cells. These parts of the and the change in activity is sometimes accompanied by embryo have been shown to display high accumulation of the change in subcellular localization (Doria et al., 1995; MTwist mRNA (Fuchtbauer, 1995; Stoetzel et al., 1995) . Hirata et al., 1995; Shrivastava et al., 1993) . We therefore Somites. aTwiMab-1 staining was observed in the sclelooked carefully at the subcellular localization of the rotome and in the dermatome portions of differentiated soMTwist protein.
Nowhere did we detect evidence of sigmites, but the myotome region did not stain (Fig. 3A) , in nificant, above-background, cytoplasmic staining. MTwist agreement with the reported presence of MTwist mRNA.
signal was present in, and restricted to, the nuclei. It coloSomites mature in a rostrocaudal gradient, and the MTwist calized with DAPI staining (Fig. 4) or was circumscribed by staining was not uniform along the length of the paraxial the antibody to the nuclear envelope protein Lamin B (not mesoderm. The staining was not observed in either the preshown). segmented mesoderm or the epithelial somites, but was first detected in more differentiated somites, five to six pairs anterior to the presegmented plate. A section from a trans-DISCUSSION verse series of a 9.5 dpc embryo (Fig. 3B) shows a pair of differentiated somites which contain MTwist-positive cells,
The genes in the Twist family of bHLH transcription factors are essential for embryogenesis of both vertebrates and and a pair of rounded epithelial somites, which do not stain of reticulocyte-translated MTwist. Both the endogenous and the in vitro-translated bands disappeared upon preadsorption of the antibody with bacterially expressed MTwist. In immunohistochemistry experiments, starting with 8.25 dpc, the staining pattern generated by aTwiMab-1 followed closely the distribution of MTwist RNA Stoetzel et al., 1995; Wolf et al., 1991) , but not of other genes related to MTwist (Blanar et al., 1995; Li et al., 1995; Quertermous et al., 1994) . One of them, Dermo-1, is a very close homologue of MTwist (Li et al., 1995) , and aTwiMab-1 could possibly cross-react with it. Dermo-1, however, is transcribed at significant levels only after 10.5 dpc; also, it is 46 amino acids shorter than MTwist and, therefore, would likely be recognized as an additional band on a Western blot. Other MTwist-related genes have different expression profiles. That of bHLH-EC2 overlaps with MTwist in time, but is present at high levels in the myotome, where MTwist is never found (Quertermous et al., 1994) . Meso-1 expression is also somewhat similar to that of MTwist, but it stops in head mesenchyme by 8.75 dpc (Blanar et al., 1995) . The formal possibility cannot be ruled out that aTwiMab-1 could react with a protein other than MTwist that has the same size and distribution. It could also bind to a different, that aTwiMab-1 is specific for MTwist, aTwiMab-1 is the first antibody developed to any of the vertebrate Twist proteins.
The availability of a monoclonal antibody has allowed the study of the embryonic distribution of MTwist protein. invertebrates, as attested by the embryonic lethal phenotypes of Drosophila and mouse null mutants. There remain, As expected, MTwist staining localized to the nuclei, consistent with its putative function as a transcription factor. however, important but unresolved questions: twist is required for gastrulation in Drosophila but not in mouse, even
In 8.25-9.5 dpc embryos, the distribution of MTwist protein followed closely the reported expression pattern of though gastrulation is a conserved morphogenetic process and the mouse and fly genes are highly conserved. Also, the MTwist RNA Stoetzel et al., 1995; Wolf et al., 1991) ; groups of cells in head mesenchyme, the first phenotypic abnormalities in the mouse null mutants are seen in embryos starting at 8.5 dpc, but MTwist RNA branchial arches, the sclerotome and dermatome portion of the somites, the lateral body wall, and the limb buds all is already abundant by the early 7.0 dpc stage.
To further study the mouse MTwist gene and the developstained with aTwiMab-1. This agrees well with the phenotype of the twist null mutants (Chen and Behringer, 1995) , mental processes in which it acts, a monoclonal antibody was developed against the MTwist protein. The antibody, which reveal abnormalities in cranial mesenchyme, arches, limb buds, and somites after 8.5 dpc. The higher resolution aTwiMab-1, functions in Western blotting and immunohistochemistry, is of IgG 1 subtype, and requires the bHLH doof the antibody staining permitted more accurate localization of MTwist-expressing cells in the head crest. MTwistmain for binding. The bHLH family of transcription factors is a large one with varying degrees of homology between its positive cells were detected around the eye vesicle and the olfactory placode, in the trigeminal ganglia region, surmembers, many of which are active during embryogenesis. Therefore, to ensure that the aTwiMab-1 staining pattern rounding the otic vesicle, and in the area of glossopharingeal-vagal (IX-X) neural crest complex, where petrosal represents MTwist only, it was necessary to first establish its specificity to MTwist. and nodose ganglia develop, and in the area of the facioacoustic (VII-VIII) crest. The presence of the MTwist proOn Western blots of bacterially expressed proteins, aTwiMab-1 stained MTwist, but did not recognize the other tein in these regions correlates with the finding in the twist null embryos of disorganized cranial neuroepithelium, head bHLH proteins examined. Whole-embryo lysates showed staining of a distinct single band of ca. 25 kDa, close to the mesenchyme, and the arches, as well as cell degeneration in the trigeminal (V), facioacoustic (VII-VIII), and glossoexpected size of 22.3 kDa; it also matched precisely the size scripts of MTwist had been found in the presomitic mesoderm and throughout epithelial somites, but not in the myotome of mature ones Hopwood et al., 1989; Stoetzel et al., 1995) , it was proposed that MTwist pharingeal-vagal (IX-X) ganglia (Chen and Behringer, 1995) .
functions in the differentiating mesoderm as a repressor of myogenesis Hebrok, et al., 1994 ; Sasoon, Along with excellent correlation between the presence of MTwist RNA and protein at the 8.25-9.5 dpc stages, there 1993; Spicer et al., 1996) . In support of this hypothesis, in vitro studies have demonstrated that both murine and also emerged unexpected differences (Table 1) . No protein was detected in anterior mesoderm, the ectodermal layer of Drosophila Twist protein can inhibit expression and activity of myogenic genes (Hebrok et al., 1994 ; Rohwedel et the primitive streak, presomitic mesoderm or the immature, epithelial somites, despite the reported presence of al., Spicer et al., 1996) . The suggested mechanisms involve inactivation of the myogenic factors through heter-RNA Stoetzel et al., 1995) . The lack of protein staining in these structures may be due to several odimerization with MTwist, through titration by MTwist of E proteins, or through inhibition by MTwist of myogenic reasons: the protein could have a very short half-life, its binding epitope could be masked, it could be present at factors binding to DNA. Such scenarios require an adequate number of MTwist protein molecules. It is possible that levels undetectable by aTwiMab-1, or, simply, it could be not translated.
small amounts of MTwist, while undetectable by immunohistochemistry, are nevertheless sufficient for represAnterior mesoderm of the early to midgastrulating embryo which gives rise to the resident, as distinguished from sion; but one must consider that in the MTwist null mutants (Chen and Behringer, 1995) , neither additional nor crest-derived, head mesenchyme, displays high levels of MTwist mRNA, but transiently; by 8.25 dpc, the only head ectopic myogenesis, nor overexpression of myogenic genes was observed, an expected outcome of eliminated repressor mesenchymal cells that express MTwist mRNA, and protein, are those originating from the neural crest. It is not function.
In conclusion, the observed protein distribution correclear what the function of such transient expression, without accompanying translation, might be, since twist null lates with the phenotype of the MTwist-null embryos better than the mRNA distribution pattern does (except Wolf et embryos show no abnormalities of resident mesenchyme (crest-derived structures are malformed). Likewise, the al., 1991). Not only do the MTwist-null mutants survive early embryogenesis, until 8.5 dpc they are phenotypically RNA (without detectable protein) in presomitic mesoderm and epithelial somites does not seem to be relevant for sonormal. No malformations are observed in gastrulating MTwist-null embryos, their presomitic mesoderm, their mite formation and differentiation, since in the mutants, the somites form and develop normally, as shown by correct early somites, or their head plate mesoderm, where MTwist RNA, but not protein, has been observed. The results sugtemporal and spatial expression of myogenin in the properly
